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A method of making a porous plug suitable for use as a phase
separator, heat exchanger tube, wherein very small uniform
holes are produced in a matrix by placing a first material in
a matrix of a second material to form a bundle or billet
comprising said materials, reducing the cross-section of the
bundle or billet by drawing or extrusion to form a reduced
cross-section rod, and then etching away one of the materials
to leave a matrix with very small uniform holes therein. The
reduced rod may be bundled with other similarly reduced
rods to form a bundle which is again drawn to further reduce
the cross-section thereof.

6 Claims, 2 Drawing Sheets
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METHOD OF MAKING A FORAMINOUS
ARTICLE |

FIELD OF THE INVENTION

This invention relates to manufactured metallic articles of
porous construction. More particularly, the invention relates
to foraminous metal articles or porous metal plugs useful as

phase separators, heat exchanger tubes and the like, and to
the method of making them.

DESCRIPTION OF THE PRIOR ART

Foraminous articles useful as phase separation filters (e.g.
superfluid Helium filters) and heat exchanger tubes have
conventionally been manufactured by sintering copper pow-
der. Foraminous articles manufactured in this way exhibit
poor radial and axial heat transfer characteristics due to the
small surface area of inter-particle bonds, and have non-
uniform hole size, non-uniform hole cross-sections and
nonlinear fluid paths. The prior art has sought to improve the
efliciency and effectiveness of such articles by providing
means of enhancing the heat transfer characteristics, and/or
the uniformity of hole cross-sections and size and the
linearity of flow passages, in order to minimize fluid turbu-

lence in a simple and relatively inexpensive way without
SUCCESS.

In applicants prior U.S. Pat. Nos. 4,262,412 and 4,414,
428, means are described for manufacturing multi-filament
wires or rods especially suitable for use as superconductors.
These patents essentially describe a construction process in
which the composite is formed by reducing a lamina of two
metals, one of which is in expanded form. The laminated
metals are rolled to form a cylindrical billet, resulting in a
method and structure commonly referred to as a “modified
jelly roll”. The composite can be encased in a copper matrix
and fabricated to produce a superconductor. Alloys contem-
plated for producing superconductors are Nb,Sn, Nb.Ga,
NB,Ge, Nb,3Si, Nb-Ti, V481, V,Ga, V,Sn, V,Al and V,Ge
laminated on bronze, aluminum, copper or tantalum, or
combinations thereof.

Applicant has discovered a unique method of making a
foraminous material, in which the processes described in his
patents noted above can be used. The foraminous material
manufactured in accordance with the invention has uni-
formly shaped and sized holes linearly arranged in a matrix
having superior heat transfer qualities.

OBJECTS OF THE INVENTION

Accordingly, it is an object of this invention to provide a
foraminous metal material comprising a matrix having uni-
formly shaped and sized holes therein.

Another object of the invention is to provide a porous
metal plug suitable for use as a gas/liquid phase separator,

‘heat exchange tube and the like, which has superior heat
transfer characteristics.

A further object of the invention is to provide a method of
making a foraminous article, in which preferential etching is
used to remove one material from a matrix of a second
material, leaving holes having uniform sizes and shapes
throughout the matrix.

Still another object of the invention is to provide a method
of making a foraminous metal article, in which a plurality of
filaments of a first material are distributed throughout a
matrix of a second material to form a rod or wire, and the rod

or wire 18 then cut to appropriate lengths, after which the

10

15

20

25

30

35

40

45

50

35

60

65

2

filaments are etched away to leave holes or voids in the
matrix. |

SUMMARY OF THE INVENTION

In accordance with the present invention, a multi-filamen-
tary metal rod or wire comprised of a matrix of one material
and a plurality of substantially uniformly distributed fila-
ments of a second material is preferentially etched to remove
the filaments, thereby producing a foraminous material
having a matrix with a plurality of substantially uniformly
shaped and sized voids or holes distributed linearly through-
out. The resulting material is especially suitable in the
manufacture of porous plugs, gas/liquid phase separators
and heat exchanger tubes.

Existing conventional multi-filamentary rod processes
and the modified jelly roll process as described in appli-
cant’s previously noted patents can be advantageously used
in the method of the invention. The matrix of the porous plug
may be any number of alloys or elements as long as the
filaments can be preferentially etched. For instance, the
matrix may comprise various metals such as copper, molyb-
denum or niobium and the like. In the first two instances, the
filaments could consist of niobium, niobium-titanium alloy,
zirconium, or hafnium, and etchants such as hydrofiuoric
acid and the like could be used to etch away the filaments.
In the latter instance, the filaments could comprise, for
example, copper or vanadium, and nitric acid, for example,
could be used to etch the filaments.

Thus, 1n practicing the invention, either the modified jelly
roll approach or the basic rod process approach to manu-
facturing multi-filamentary superconductor rod and wire can
be followed to produce a metal rod or wire with a copper
matrix and niobium-titanium alloy filaments. The rod or
wire is then cut into appropriate lengths, polished on the
ends where filaments are exposed, and immersed in a
suitable acid solution to preferentially etch the filaments,
leaving a copper matrix with voids or holes where the
filaments were previously located. The resulting matrix has
unexpectedly superior radial and axial thermal conductivity
compared to the sintered product, and also has uniformly
shaped and sized holes distributed generally linearly
throughout.

Such articles are useful, e.g., in cryocoolers and gas/liquid
phase separators, especially in space applications under zero
gravity conditions. However, it will become more readily
apparent to those skilled in the art that the advantages shown
by the present invention and the accompanying drawings
may find utility in still other areas where such characteristics
are needed.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and still other objects and advantages of
the invention will become apparent from the following
detailed description and accompanying drawings, in which
like reference characters designate like parts throughout the
several views, and wherein:

FIG. 1 1s a schematic diagram of one process which may
be used in the manufacture of the foraminous article of the
invention;

FIG. 2 is an enlarged, somewhat schematic transverse
sectional view of a multi-filamentary rod or wire used in the
manufacture of the invention, shown prior to etching; and

FIG. 31is a view similar to FIG. 2, showing the article after
etching to remove the filaments.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring more particularly to the drawings, the forami-
nous article of the invention is manufactured by the process
illustrated in FIG. 1. In this figure, Ni—Ti alloy rods 10 are
stacked with copper 11 to form a multi-filamentary billet 12
for extrusion, or rod for drawing. The composite billet or rod
- 18 then extruded and/or drawn, as appropriate, at one or both
of stations 14 and 15, and subjected to heat treatment or
annealing at station 16 over a period of from one minute to
one hundred sixty hours at a temperature of from 200° C. to
-500° C., hot isostatic pressing (HIPing) at station 17 over a

period of from one second to ten hours at a temperature of
from 200° C. to 700° at a pressure of from 1,000 to 80,000

psi, and/or cold isostatic pressing (CIPing) at station 18 over
a pertod of from one second to one hour at a pressure of from
1,000 to 150,000 psi. The rods or billets may be recycled
through these heat treatment, annealing, HIPing and CIPing
steps as many times as necessary or desirable to optimize the
bonding of the constituents and the density of the composite.

One or more final drawing steps are then performed at 19
to reduce the composite rod or billet to a desired rod or wire
size, and the rod or wire is then cut at 30 into appropriate
lengths 20, one-thirty second to one-half inch long, for
example, and the ends polished. The cut lengths 20 comprise
a matrix 21 having a plurality of small, uniformly shaped,
sized and spaced filaments 22 extending therethrough. See
FIG. 2. |

The cut sections or lengths 20 are immersed in an acid

solution 23, preferably hydrofluoric acid, to etch away the
Nb-Ti alloy filaments 22 in the composite, leaving a copper
matrix 21 with uniformly shaped and sized holes 24 extend-
ing linearly therethrough. See FIG. 3. The number and
dimensions of the holes may be varied as desired, by altering
the various assembly, extruding and/or drawing steps during
reduction of the composite. In one example produced in
accordance with the invention the holes had a diameter of
about 5 microns.

In another embodiment of this invention, the multi-fila-
mentary rods, after being cut to appropriate lengths, are
further bundled or stacked at least one time more with other
rods similarly produced and cut, then drawn and reduced in
size prior to polishing the ends and etching to remove the
filaments such as to produce the foraminous plug.

While a particular process for forming the multi-filamen-
tary rods or billets has been described, it should be noted that
any conventional process for making multi-filamentary rods
may be used. For instance, the processes disclosed in
applicant’s prior U.S. Pat. Nos. 4,262,412 and 4,414,428
may be followed i producing the rods or wires for prefer-
ential etching to remove the multi-filamentary billet or rod
produced in accordance with the method disclosed in appli-
cant copending application Ser. No. 311,732, filed Feb. 17,
1989, which is incorporated herein by reference in its
entirety, may be used in practicing the present invention.

10

15

20

25

30

35

40)

45

50

55

60

65

4

Although the invention has been described with reference
to particular embodiments it is to be understood that these
embodiments are merely illustrative of the application of the
principles of the invention. Numerous modifications may be
made therein and other arrangements may be devised with-
out departing from the spirit and scope of the invention.

We claim:

1. The method of making a foraminous article suitable for -
use as a gas/liquid phase separator, heat exchanger tube,
porous plug or the like, comprising the steps of:

forming a rod or wire having a matrix of one material and

a plurality of filaments of a second material distributed
throughout the matrix;

preferentially etching away the filaments to form a porous -
matrix having a substantially uniformly sized and
shaped holes distributed throughout;

wherein the rod or wire of matrix material having multiple
filaments therein is subjected to heat treatment, the heat
treatment being over a period of from one minute to one
hundred sixty hours at a temperature of from 200° C. to
500° C., after which the billet is subjected to hot
isostatic pressing over a period of from one second to
ten hours at a temperature of from 200° C. to 700° C.

at a pressure of from 1,000 to 80,000 psi.
2. The method as claimed in claim 1, wherein the matrix
comprises a material selected from the group consisting of =
copper, molybdenum and niobium; and

the filaments comprise a material selected from the group
consisting of niobium, niobium-titanium alloy, zirco-
mum, hafnium and niobium base.

3. The method as claimed in claim 2, wherein rods of
filamentary material are drawn, extruded or otherwise
formed to produce reduced diameter rods, said reduced
diameter rods are then stacked with the matrix material to
form a bundle of rods and matrix material, and the bundle is
then reduced in cross-section by drawing or extruding or the
like to produce a matrix having very fine filaments therein,
whereby subsequent etching of the filaments form the matrix
produces a porous member with very fine hole therein.

4. The method as claimed in claim 3, wherein said
reduced bundle is stacked with like reduced bundies and
again reduced in cross-section by drawing or extruding and
the like to produce a matrix having very fine filaments
therein. |

5. The method as claimed in claim 1, wherein the billet is
also subjected to cold isostatic pressing over a period of
from one second to one hour at a pressure of from 1,000 to
150,000 psi.

6. The method as claimed in claim 5, wherein the billets
are recycled through the heat treatment, annealing, hot

-1sostatic pressing and cold isostatic pressing as many times

as desired or necessary to optimize the bonding of the
constituents and the density of the composite.
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